Background: Among different complications of diabetes, ddiabetic retinopathy is one of the leading causes of blindness in the world. Increase in the frequency of lower serum magnesium levels have been reported among patients with diabetes. Materials and methods: A total of 120 subjects were included in this study and divided into 3 groups. The study groups consisted of 40 patients that are type 2 diabetes with retinopathy and 40 patients with type 2 diabetes without retinopathy and control group consisted of 40 healthy subjects respectively. Both cases and controls were subjected to estimation of biochemical parameters. Results: Among the study population, (80) 66.67% participants were cases and another (40) 33.33% participants were controls. Among the people who had mild NPDR, the median Mg was 1.90 (IQR 1.80, 2.00). It was 1.90 (1.70, 2.00), 1.75 (1.67, 1.92), 1.8 (1.69, 2.0) and 2.10 (1.90, 2.20) among people with DM retinopathy moderate NPDR, severe NPDR, Proliferative retinopathy and no retinopathy respectively. The difference in the Mg across DM retinopathy was statistically significant (P Value 0.008). The difference between the values among both the case and control groups for certain parameters such as SBP, FBG, PPBG, HbA1c, Magnesium, Urea, and Creatinine were found to be statistically significant. Conclusion: Serum magnesium levels were significantly lower in patients with diabetic retinopathy compared to diabetics without complications and control group.
Introduction
Complications of diabetes are mainly due to metabolic alterations. Retinopathy, neuropathy and nephropathy are among the chronic complications of diabetes. Diabetes and related complications are linked with long-term damage and failure of various organ systems. 1 Retinopathy, a complication of diabetes, is one of the leading causes of blindness in the world. With different treatment modalities, its incidence can be decreased up to 90%. 2 International Clinical Diabetic Retinopathy Scale, categorizes diabetes retinopathy into Non Proliferative (NPDR) and Proliferative Diabetic Retinopathy (PDR). 3 Non proliferative retinopathy categorised into mild, moderate and severe. Mild NPDR characterised by microaneurysms. Severe NPDR characterised by intra retinal haemorrhages in each of four quadrants, venous beading in two or more quadrants, prominent intra retinal microvascular anomalies in one or more quadrants. Findings between mild and severe comprises moderate NPDR. Proliferative Diabetic Retinopathy characterised by neovascularisation and or vitreous or preretinal haemorrhage.
A study by Kundu et al 2 labels hypomagnesemia as a marker for risk of development of retinopathy in diabetic patients with mean magnesium levels of 1.30 ± 0.39 in patients with diabetic retinopathy. Magnesium, fourth most abundant cation in the body, distributed in bones, intra cellular fluid and extra cellular fluid. It acts as cofactor for kinases and various other enzymes in cells and essential for mediating insulin's mechanism of action. Clinically, hypomagnesemia may be defined as a serum Mg concentration ≤1.6 mg/dl or >2 SD below the mean of the general population. 4 Magnesium (Mg) has a critical role in the actions of important enzymes and it is claimed that there is an converse relationship between Mg intake and incidence of diabetes mellitus (DM) 5 . Magnesium levels are reported to be low at an increased frequency among patients with type-2 Diabetes and the cause is osmotic diuresis.
Hypomagnesemia is a common observation among patients with type 2 diabetes. Even though diabetes can initiate hypomagnesaemia, magnesium deficiency has also been proposed as a risk factor for type 2 diabetes mellitus. Magnesium is a essential cofactor for several enzymes that play an important role in the metabolism of glucose. An estimated 25 to 39% people with diabetes have low concentrations of serum magnesium 6 . In terms of gender difference, independent studies have reported a higher incidence of hypomagnesaemia in women compared with men, at a 2:1 ratio. 17 In addition, men with diabetes may have higher ionized levels of Mg. 7 Out of all the micronutrients identified as potential therapeutic agents, magnesium has been investigated as a clinically significant electrolyte for type 2 diabetes mellitus and their complications. 8 This study was conducted to evaluate the association of serum magnesium levels with diabetic retinopathy among diabetic patients.
OBJECTIVES
1. To estimate serum magnesium level among diabetic patients with and without retinopathy and compared with healthy age and sex matched control groups 2. To determine the association between serum magnesium level and Diabetic Retinopathy
MATERIAL AND METHODS
This current cross-sectional study was carried out in the Department of Internal Medicine, Department of Ophthalmology and Department of Biochemistry in DSMCH. This study was carried out on 120 subjects, who were further divided into 3 groups. The study groups involved 40 patients, who were diagnosed with Type 2 Diabetes mellitus with retinopathy, 40 patients with Type 2 Diabetes mellitus and were without retinopathy. The control group comprised of the 40 healthy subjects. Matching was done according to age and sex among the three groups. Informed consent was obtained from all the participants after explaining about the purpose of the study. A pre structured proforma was used to collect the data. Fasting and post prandial venous blood were collected from both study as well as control groups. Serum obtained was utilized for the estimation of fasting blood glucose and magnesium by using commercially available kit in fully automated analyser. Diabetic retinopathy was diagnosed by FUNDUS examination.
Statistical Analysis:
The data was analyzed using IBM SPSS statistical software version 21. SBP, DBP, PR, FBG, PPBG, HbA1c, Mg, Urea, and Creatinine were considered as primary outcome variable. Study group (Cases Vs control) was considered as primary explanatory variable. For non-normally distributed Quantitative parameters, Medians and Interquartile range (IQR) were compared between study groups using Kruskal Wallis test. P value < 0.05 was considered statistically significant
RESULTS
This cross-sectional study was conducted among a total study population of 120 who were divided into cases (n=80) and controls (n=40), based on the diagnosis of diabetic retinopathy. Cases were divided into Group 1and Group 2 who were diabetic patients with retinopathy and without retinopathy respectively. The mean age of subjects in cases was 56.51 ± 9.59 years and it was 44.4 ± 10.72 years in controls. The difference in the age between the two groups was found to be statistically significant (P Value <0.001) The difference between the values among both the case and control groups for certain parameters such as SBP, FBG, PPBG, HbA1c, Magnesium and Urea, Creatinine and were found to be statistically significant. Magnesium levels in cases were comparitively low when compared to control. Among the study population with diabetic retinopathy, the difference between the median serum levels of magnesium among the NPDR categories was found to be statistically significant. (P value 0.008)
DISCUSSION
The current study reported lower levels of serum magnesium in diabetic patients with and without retinopathy compared to the controls. These results are in line with the reports of Tosiello L 9 , Kao WH et al 10 , Chamber E C et al 11 and also by Baig MSA et al 12 , who have reported the similar findings. These reports are comparable to other studies suggesting that lower levels of serum magnesium would possibly be a potential risk factor in progress and development of diabetic retinopathy. Some studies 13 have reported that hyperglycemia effects hypomagnesemia by causing depression in the net tubular reabsorption of magnesium.
In the present study mean HbA1c levels were significantly higher among the cases (P < 0.001),which was similar to those reported by Kundu D et al. 2 , and also have reported that this indicates higher level of HbA1c is associated with increased risk for development of microangiopathy in diabetic patients. The actual reason leading to diabetic hypomagnesemia is still unidentified but an increased urinary loss of magnesium might sometimes lead to it. Hypomagnesaemia has been reported to occur more frequently among patients with type 2 diabetes compared to those without diabetes. In this study, magnesium levels were comparatively low when compared to controls. In cases, magnesium levels were in low normal range. Although many authors have recommended that diabetes may induce hypomagnesemia, others have reported that higher Mg intake may confer a lower risk for type 2 diabetes.
14, 15 The mechanisms through which hypomagnesemia may initiate or aggravate existing diabetes are not clearly understood. However, it has been suggested that hypomagnesemia may induce altered cellular glucose transport, reduced pancreatic insulin secretion, defective post receptor insulin signalling and altered insulin-insulin receptor interactions. 16, 17 In this study, low magnesium level in severe NPDR when compared to PR. This study has got the limitations such as non detection of impending diabetic nephropathy.
Studies have indicated that, estimation of serum magnesium levels would be helpful to monitor the severity of complications among those with type 2 diabetes and also beneficial for proper and timely interventions.
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CONCLUSION
Hypomagnesemia is reported to occur more likely among patients with type 2 diabetes and might be a potential risk factor for retinopathy and further complications.
Timely monitoring of serum magnesium levels as well as appropriate interventions would be beneficial.
